A few binary open clusters with visually separable components are known in the Galaxy. However there can be dual systems that overlap in the line of sight and are seen as a single cluster. On the basis of the WEBDA database we studied the V-band magnitude distributions of stars of the open clusters in the Galaxy. Most of these distributions showed Gaussian-like shape with a single peak, but some of them demonstrated two and more peaks which we considered as a manifestation of duality or multiplicity of the object. We examined the magnitude distributions of 563 rich open clusters from the WEBDA database with more than 100 stars and revealed 70 of them with two and more statistically significant peaks which we considered as binary and multiple cluster candidates. On the basis of these clusters we comprised a catalogue of possible binary and multiple clusters in the Galaxy overlapping in the line of sight. Geometric centres of cluster components and corresponding numbers of cluster members were estimated.
I. INTRODUCTION
Studies of binary and multiple clusters are interesting from the point of view of star formation and evolution in galaxies. A possible mechanism of formation of double stellar systems had been suggested by Fujimoto & Kumai [1997] , and further developed by Bekki et al. [2004] , where cloud-cloud collisions were considered as the most feasible way to produce two or more clusters. A different scenario was proposed by Leon et al. [1999] considering a tidal capture.
These theories were introduced after the detection of binary clusters in the Large and Small Magellanic Clouds (LMC and SMC) in Bhatia & Hatzidimitriou [1988] , Hatzidimitriou & Bhatia [1990] , and references therein. A significant fraction, of open clusters in the Magellanic Clouds (MCs) were found in pairs, with the maximum projected separation between the centers of the components 18.7 pc. The number of found pairs was greater than expected from projection effects. It was also suggested that some of the binary cluster candidates were physical pairs. A catalogue with a photographic atlas of the binary system candidates in the LMC was compiled by Bhatia et al. [1991] . Some of these objects possibly were triple systems and some of the binary cluster candidates were imbedded in molecular clouds. Hatzidimitriou & Bhatia [1990] catalogued the cluster pairs in the SMC. Dieball et al. [2002] further developed this research and presented a new catalogue of binary and multiple cluster candidates in the LMC.
In our Galaxy χ and h Persei (NGC 869 and NGC 884) had been for a long time the only distinguishable binary open cluster, until Subramanyam et al. (1995) detected 18 probable binary systems with spatial separations between the components of up to 20 pc. Out of these, 16 pairs had members that seemed to have similar ages, which might suggest that they were physical pairs. This suggestion was based on the ages and radial velocities of the member clusters. These studies revealed that the fraction of clusters in pairs in the Galaxy was significantly smaller than that in the MC: 9% from the 400 clusters investigated by Subramaniam et al. (1995) , 27% of the 4089 clusters investigated by Dieball et al. (2002) .
All pairs in the above studies were visually separable. However, it is possible that some cluster pairs overlap in the line of sight and it is difficult or impossible to resolve them. Thus they are seen as single clusters. Some of them might be physical pairs, some not. Galadi-Enriquez et al. [1998] considered NGC 1750 and 1758 as overlapping open clusters, although they suggested that this pair did not make up a gravitationally bound system. Studying open clusters from the WEBDA database for membership determination using the accumulation method, described in Javakhishvili et al. [2006] , we examined the distributions of V -band magnitudes of cluster members. Most of these distributions displayed Gaussian-like asymmetric shape with a single peak. However some of them revealed two and more distinct peaks, at which we decided to take a closer look. We propose that this feature of magnitude distributions could indicate duality or multiplicity of the open cluster systems overlapping in the line of sight.
II. THE METHOD
There are 938 open clusters in the WEBDA database with available rectangular positions (hpd type) of the member stars. Among them we choose 563 rich clusters with more than 100 members to examine the distributions of Vmagnitude of stars in each cluster. Limiting magnitudes of stars varied for different clusters from m V = 13 to 25. Most of the V-magnitude distributions showed a typical Gaussian-like form with a single peak. However the V-magnitude distributions of about 70 clusters displayed two and more "humps". Fig. 1 illustrates two examples of these distributions. The first one -Alessi 13 -has a single magnitude peak, which is typical for 88% of the chosen rich clusters. The second one -NGC 2384 -exhibits two distinct peaks. We propose that one of the explanations for this kind of profile can be two clusters overlapping due to projection effect. If this is the case, then they might be either close physical systems or separate clusters projected along the same line of sight. Since the probability of the latter is less than 1 (Subramanyam et al. % [1995] ), it is likely that most of them are physically associated. Binary open clusters projected on the sky can be seen with separated members like h and χ Persei, but some of them should overlap, one being behind another, so that the components cannot be resolved (Fig. 2 within the volume ABCD). Assuming the maximum distance between the centres of the two clusters to be 20 pc and equal sizes of the constituents, we estimated the probability that an arbitrary pair is seen as an overlapping cluster:
This probability depends on the sizes of the components and is plotted in Fig. 3 . According to this plot, for example, about 70% of the binary clusters, each of the members of which have diameters about 3 pc should be seen to an observer as overlapped and thus as a single cluster, and all the clusters with diameters > 10 pc should overlap.
The characteristic asymmetric profile of the V-magnitude distribution of an open cluster, like Alessi 13, can be well fitted by the extreme value distribution (EVD) function. The profile similar to that of NGC 2384 with two (or more) peaks can be best adjusted by the combination of two (or more) EVD functions:
(2) i = 1, 2, ...n, where n is the number of components, µ i is a centre of EVD for i-th component, A i is the fitted coefficient, and σ i the standard deviation. Two EVD functions with different centres and their superposition are shown in Fig. 4 .
All 70 clusters with two and more "humps" in their V-magnitude distributions were processed and fitted by the combination of EVD functions (eq. 2). The goodness of fits were in the range of 0.8 to 0.98. These clusters were compiled into a catalogue presented in Tables 1 and 2 . With our criteria, we found 56 binary, 12 triple and 2 quadruple overlapping cluster candidates.
The number of stars in the i-th cluster member was determined as
where f i is the EVD function for the i-th cluster, j runs the bin numbers of the i-th cluster. Discrepancies between the total number of stars N and the sum of the calculated numbers of stars in the members were
which characterize the uncertainty of belonging of some stars to either components. Geometrical centres of the clusters and those of the i-th companion were determined as
where p i is the probability for a star with magnitude m to belong to the i-th component:
The differences in magnitude peaks ∆µ range from 1.5 to 8, the majority of them falling between 1.5 and 3 (see For ∆µ = 4, as in the case of NGC 2384 in Fig. 1 (which is a young cluster at a distance of about 2 kpc) ∆I ≈ 40 which means that the distance modulus of the components differ by about 6 times. If we assume that there is an absorption cloud between the two structures, then their separation will be considerably smaller. Young clusters are located in large molecular clouds (Efremov [1986] ). Some binary cluster candidates in the catalogue of Bhatia et al. [1991] were imbedded in clouds. In this case ∆µ could be due to the inter-cluster cloud absorption. When a cluster formation starts in two parts of a giant molecular cloud, a light pressure from young stars drives out the rest of the cloud. These fragments could be kept by the gravity of the clusters and concentrate in the libration zones, thus forming the dense absorptive clouds, which could be responsible for ∆µ. Though in some cases, if there is another cluster nearby, the second peak can appear due to stars of this cluster. This might be true for the magnitude distribution of NGC 2384, shown on the Fig. 1 , which has a nearby cluster NGC 2383. As was stated in Piskunov et al. [2004] , the central part of NGC 2384 might be relatively free from contamination from NGC 2383, it is possible that the farer parts of it might not.
Various configurations of projections of clusters and inter-cluster clouds (Fig. 5 ) result in different magnitude profiles. In the case of the configuration when one companion is behind another separated by a molecular cloud (on the left diagram in Fig. 5) , an observer sees a single cluster instead of two, but the magnitude distribution shows two peaks. In the case of the configuration on the right in Fig. 5 one sees a visually separable double cluster. We encountered two cases of the double-peak magnitude distributions: when the first peak is higher than the second, and vice versa. If the second peak is higher than the first (the case of Coma Berenices cluster, Fig. 6 ), it can indicate that either (a) the rare cluster is more populous than the front one, or (b) there are two or more clusters in the rare (right picture on Fig. 6 ), or (c) the tail of the rare cluster is "contaminated" by a large number of background stars, and therefore it looks richer (Fig. 7) .
We would like to point out the case of NGC 6633. Fig. 8 shows how the combination of "cluster + background stars" can result in the magnitude distribution like that of NGC 6633 (Fig. 9) . For the real distribution we used two different fittings shown in Fig. 9 : one with the "cluster + background stars" combination (left diagram), and the usual combination of two EVDs (right diagram). In both cases the goodness of fits were high, though it seems that the second peak is due to the background stars.
Selection effects and incompleteness of data also can affect magnitude distributions. To determine the probable cause of the double peak in a magnitude histogram -either duality, or neighbouring cluster, or background/foreground stars, each case must be studied individually.
The differences of magnitude centres of the clusters from our list vary from ∆µ = 1 to 8. distribution of this value, where ∆µ ≈ 3 is dominant.
In Fig. 11 the distribution of ages of overlapping double and multiple open clusters in our list are presented, demonstrating that clusters of all ages are presented almost evenly, about 50% being young objects.
B. The case of Coma Berenices cluster
Studying probable duality or multiplicity of open clusters we considered only V-magnitude distributions for consistency and the maximum data completeness, since the V-band data were available for all objects. However many clusters in our list have measurements in other filters too. We consider here one particular case with measurements in B-band, usually available for brighter stars. We present an example of Coma Berenices (or Mellote 111) cluster as a typical case of an overlapping double open cluster candidate in more detail. The distance to the object is 96 pc -this is the second closest cluster in our list. It is a young cluster (log(age) = 8.7) and 459 stars are listed in the WEBDA database.
The V-magnitude distribution of Coma Berenices cluster with its EVD fit is demonstrated in Fig. 12 (left diagram) . The peaks appear at µ = 9.2 and 12.5. The difference between the magnitudes ∆µ = 3.3 is typical for most of the members of our list. The goodness of fit is 0.87. To exclude background stars we used the accumulation method for determination of cluster membership by Javakhishvili et al. [2006] , selecting the stars with close proper motions. Thus the number of cluster members (having both proper motions and B − V ), with probability more than 90%, were 198. The corresponding V-magnitude distribution (Fig. 12 , right diagram) also reveals dual feature of the cluster around almost the same magnitude peaks µ = 9.3 and 12.7. This indicates that stars around these peaks have similar proper motions, thus they possibly are physically associated.
In Fig 13 the color-magnitude diagrams (CMD) of the cluster are presented, for all stars (right diagram) and cluster members after membership determination (left diagram). Double feature also can be seen in these CMDs and around the same V-magnitudes µ = 9 and 13, which can be one more argument in favour of duality of Coma Ber open cluster, the components of which are visually overlapped.
IV. SUMMARY
In addition to the visually separable binary open cluster candidates in the Galaxy found by Subramaniam et al. (1995) , there might be pairs that overlap in the line of sight and are seen as single clusters. On the basis of the WEBDA database we investigated open clusters in the Galaxy considering the distributions of the V-magnitudes of cluster members. Those clusters that demonstrated two or more magnitude peaks were regarded as candidates for overlapping binary and multiple systems. We found that these distributions can be well fitted by combinations of two or more extreme value distribution functions. We examined the V-magnitude distributions of 563 clusters from the WEBDA for which more than 100 members are listed and revealed that 70 of them have more than one peaks and considered them as binary and multiple cluster candidates. On the basis of these assumptions we compiled a catalogue of the overlapping binary and multiple cluster candidates of the Galaxy. Geometric centres of the component clusters and corresponding numbers of stars were estimated. II: List of the overlapping binary cluster candidates in the Galaxy. Characteristics: total number of stars (N), number of stars in the components (Ni), discrepancy between the total number of stars and the sum of numbers of stars in the components (∆N %), geometrical centres of the system (X0, Y0) and its components (Xi, Yi), difference of the magnitude centres (∆µ). For triple and quadruple clusters N3,4, X3,4, Y3,4 and ∆µ between 2nd and 3rd and 3rd and 4th components are given in the second row of the appropriate cluster. TABLE III: List of the overlapping triple and quadruple cluster candidates in the Galaxy. Characteristics: total number of stars (N), number of stars in the components (Ni), discrepancy between the total number of stars and the sum of numbers of stars in the components (∆N %), geometrical centres of the system (X0, Y0) and its components (Xi, Yi), difference of the magnitude centres (∆µ). For triple and quadruple clusters N3,4, X3,4, Y3,4 and ∆µ between 2nd and 3rd and 3rd and 4th components are given in the second row of the appropriate cluster. 
